AIm: Lumbar discectomy is a common surgical intervention in neurosurgical practice. Iatrogenic vascular injury during this surgery is a rare, but serious complication. In this study, our aim was to review the average safe depth of discectomy for both sexes.
█ INTRODUCTION
L umbar discectomy is a common surgical intervention in neurosurgical practice. Iatrogenic vascular injury during this type of surgery is a rare, but serious complication associated with high reported mortality rates, i.e. >50%, that may lead to diffuse retroperitoneal hemorrhage. While limited discectomy is performed in a certain proportion of patients undergoing surgery due to lumbar disc herniation, aggressive discectomy may have to be carried out in those subjects who require interbody fusion (1, 5) . Thus, a sound knowledge on the average dimensions of intervertebral spaces as well as the depth and limit values is essential on the part of all neurosurgeons who perform spinal surgery (7).
Our aim was to review the average safe depth of discectomy for both sexes.
█ mATERIAl and mEThODS
This study involved 56 patients between 21 and 79 years old (28 male and 28 female) who attended to the neurosurgery outpatient unit between June 2015 and July 2015 and who had no surgical pathology as documented by lumbar magnetic resonance imaging (MRI) study. The lumbar MRI imaging studies were performed using the standard imaging acquisition technique with a GA 1.5 Tesla MRI device (General Electrics, 2010, USA) at Istanbul Research and Training Hospital. The measurements were performed in the axial plane in T2 sequences (T2W) with free medical imaging software (OsiriX Medical Image software; www.osirix-viewer.com). The intervertebral disc spaces of L3-4, L4-5, and L5-S1 were initially identified in the sagittal cross-sections, and the axial plane passing through the midline in the intervertebral disc space was used for the measurements under the guidance of sagittal views. All measurements were performed by the same operator. Initially, a total of four measurements were performed at the axial plane in lumbar MRI images, in an effort to determine the safe disc distance that should be taken into consideration during a discectomy. Measurements at L3-4, L4-5, and L5-S1 were performed for both sexes as follows: 1 st measurement, from the furthest lateral part of the dura to the end of the disc (right-left), 2 nd measurement, the anteroposterior length of the crosssection passing through the midline of the disc, 3 rd measurement; from the furthest lateral part of the dura to the furthest lateral part of the disc (right-left),
4
th measurement, the length from right to left of the crosssection passing through the midline of the disc (Figure 1 ).
A comparison with regard to gender, age, height, and body mass index (BMI) values were performed for each of the measurements and average values were calculated to determine any gender differences with regard to safe discectomy distance. Table I ).
Statistical Analyses
The distance from the furthest lateral dura to the anterior longitudinal ligament on the same line was measured (measurement 1) at L3-4, L4-5, and L5-S1 spaces in both sexes (anterior safe distance). At L3-4, L4-5, and L5-S1, this value was estimated to be 35.9 and 36.7 mm, 35.9 and 36.9, and 34 and 34.9 mm in the right and left sides respectively, for female subjects. The corresponding values for males were 41.4 and 42.1, 40.6 and 40.9, and 37.4 and 37.7 mm at L3-4, L4-5, and L5-S1, respectively.
The distance between the furthest lateral part of dura to the furthest lateral end of the disc was measured (measurement 3) at L3-4, L4-5, and L5-S1 spaces (lateral safe disc distance). This value in L3-4, L4-5, and L5-S1 disc spaces on the right and left sides in female subjects were 14. 8 In both female and male subjects, the length in anteroposterior and right-to-left directions were measured (measurements 2 and 4) for the cross-sections passing through the midline of the disc (intervertebral disc dimensions). The anteroposterior and right-to-left measurement in females for L3-4, L4-5, and L5-S1 were 38.4 and 52.3 mm, 38.9 and 53.4 mm, and 37 and 51.8 mm, respectively. The corresponding figures for males were 43.2 and 57.6 mm, 43.2 and 58.9 mm, and 40.1 and 56.7 mm, respectively (Table II) .
The estimations regarding safe discectomy depth based on the distance between the furthest lateral part of dura and the anterior ligament, and from the furthest lateral part of the dura to the lateral part of the disc suggested that the depth of discectomy was on average 5 mm shorter than males. Also, in discectomies involving lateral angulation at the disc space from the furthest lateral part of dura, there was a significant reduction in the safe disc distance, suggesting the need for additional caution in discectomies with lateral angulation and that there was an average distance of 17 mm available for this approach. Table III shows the reference values (lowest and highest measurements) for L3-4, L4-5, and L5-S1 disc spaces in both sexes.
With respect to age, a significant increase only in the anteroposterior and right-to-left dimensions of L3-4 space was noted for both sexes, while no such significant associations with age could be detected at other intervertebral disc spaces (Table IV) .
Height and safe disc distance dimensions had no significant associations in males, while among females, a statistically significant reduction in disc dimension and safe disc distance was found at L5-S1 among females (p<0.05) ( Table V) . such injuries occur during disc surgery are L4-5 and L5-S1. The major iliac vessels originating after that level are more commonly involved in such injuries. The vascular structure with highest risk of injury is represented by the left common iliac artery, owing to its close adjacency with the L4-5 intervertebral disc space and owing to its medial course (4, 7, 8, 10, 12) .
Annulus fibrosus and ALL have a role in the prevention of vascular injury through blocking the entry of surgical equipment into the anterior compartment. However, a number of factors including the degeneration of the annulus fibrosis and anterior longitudinal ligament, advanced discopathy, vertebral abnormalities, adhesion of the anterior longitudinal ligament and intervertebral disc, previous disc surgery, aggressive exploration, and complex patient positioning may pose a significantly greater risk of major vascular injury (3, 6, 10) .
However, in patients requiring repeat lumbar disc surgery, further facetectomy from the end of the facet joint toward the lateral side may allow execution of a surgical technique from the lateral side of the disc without cleansing the fibrotic tissue. When bleeding occurs during such a procedure, anatomical BMI had no significant associations with safe disc space measurements in males. However, in females, increasing BMI values were associated with significantly increased L3-4 and L5-S1 spaces (p<0.05) (Table VI) .
█ DISCUSSION Almost 1 to 3% of patients, seeking medical assistance due to severe low back and lower extremity pain, undergo surgery. While limited anatomical removal of certain tissues may suffice in some cases depending on the characteristics of the herniated disc, discectomy may be required within the intervertebral space when PLL rupture is large enough or a PLL incision is made in protruded discs.
Although rare, iatrogenic vascular injury occurring during lumbar disc surgery represents a complication with high mortality which has been reported to occur in 0.01 to 0.05% of the cases (5, 15) . From a clinical viewpoint, the associated vascular injury may vary from massive hemorrhage to the occurrence of arteriovenous fistula and pseudoaneurysms (9, 11, 13) , with a mortality exceeding 50%. In patients with such vascular injury, early identification and management may reduce mortality (2, 7, 8, 15) . The most common sites at which Although preoperative neuroimaging studies are important for the evaluation of annular fibers and ALL, neurosurgeons performing spinal surgery should also be well informed on the volume and limits of the lumbar inter-vertebral disc spaces in question, since while limited discectomy suffices for some patients, others undergoing interbody fusion require aggressive discectomy. In this study, our objective was to establish the distance to discectomy site of the major vascular structures relevant to the 3 intervertebral disc spaces on which discectomy is most commonly performed, using data based on imaging studies.
█ CONClUSION
A good knowledge on safe discectomy depth in the lumbar spine is essential for all surgeons performing spinal surgery. Being aware of the fact that the safe discectomy depth is smaller in females than in males, and that anatomical variations are more common in major arterial and venous structures coursing just anterior to L4-5 space may help reduce the risk of fatal complications occurring during this type of surgery.
landmarks may be obscured due to the presence of fibrotic tissues, complicating the estimation of the anatomical depth. Further lateral manipulation of the disc punch in the reverse direction may lead to an excessively increased risk of potential vascular injury.
The first case of vascular injury occurring during lumbar disc surgery was published by Linton and White, where an arteriovenous fistula forming between the right iliac artery and inferior vena cava was described (4, 14) . The original description of intestinal injury as a complication of disc surgery was published by Harbison (7). Generally, these cases have been reported to occur following inappropriate advancement of the forceps used for disc surgery toward the retroperitoneal area anterior to the anterior longitudinal ligament in addition to inappropriate surgical maneuvers in that area.
In 1963, Goodkin et al. proposed the use of lateral lumbar x-rays to estimate the depth of the disc space, assuming that forceps marked according to depth calculations would be effective in reducing such complications. Recently, several authors have also recommended the use of preoperative radiographs to evaluate the disc spaces, because loops, currently utilized in disc surgery, may also be misleading for 
